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stimulating factor for 6 days. Human adipocytes differentiated from
primary pre-adipocytes were purchased from ZenBio, Inc. For co-
culture experiments, human chondrocytes in alginate beads were
cultured in media conditioned by osteoblasts, macrophages, or
adipocytes, or in direct co-culture with each of these cells. The
resulting chondrocyte phenotype was analyzed by proteoglycan
synthesis, as measured by 35S-incorporation and gene expres-
sion signature. Message levels of collagen 2 (COL2A1), aggre-
can (AGG) and MMP-13 were determined using a branched DNA
(bDNA) QuanitiGene Plex 2.0 assay (Panomics). The cytokine pro-
ﬁle of conditioned media from primary osteoblasts, macrophages,
and adipocytes was measured using a 42-plex Milliplex kit (Milli-
pore).
Results: The impact of the resident cells on chondrocyte
metabolism varied with cell type. A robust catabolic effect was
seen in chondrocytes when cultured in conditioned media from
osteoblasts or macrophages, or in direct co-culture with these
cells. Signiﬁcant reductions in chondrocyte AGG and COL2A1
gene expression were observed, while message for MMP-13 was
enhanced. These changes coincided with a signiﬁcant decline in
net proteoglycan synthesis. Adipocytes did not have a profound
effect on chondrocytes as both conditioned media and direct co-
culture did not signiﬁcantly alter proteoglycan synthesis or gene ex-
pression in chondrocytes. Cytokine proﬁling of conditioned media
demonstrated that osteoblasts and macrophages secreted more
pro-inﬂammatory cytokines per-cell basis compared to adipocytes.
Conclusions: Proteins secreted by cells found in the synovial
joint may impact chondrocyte metabolism and cartilage integrity in
vivo. Based on this study, osteoblasts and macrophages seem to
represent potential mediators of the catabolic activities that occur
during the progression of osteoarthritis, while adipocytes appear
less likely to play a role. Targeting the speciﬁc catabolic molecules
that originate from these resident cells during OA could provide
an effective approach to slow the progression, or even reverse the
course, of the disease.
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Purpose: Heretofore unrecognized massive ﬁelds of microtubules
originating in retes formed from systemic vessels connect directly
to all chondrocytes during and after development. Theoretical
use of the tubules would include providing nourishment to, and
withdrawing metabolic products from all chondrocytes. All chon-
drocytes are enclosed in these tubules; none are sitting alone like
raisins in jello.
Methods: New Zealand white rabbits were operated upon to
debride all cartilage from the trochlear surfaces of both knees.
One knee was treated with intra-articular injection of bovine growth
hormone, and the other knee was injected with a control solution.
Serial Sacriﬁces of the rabbits was carried out and tissue from the
trochlear surface prepared and studied with light, phase contrast,
and hoffman modulation contrast.
Results: The unique action of growth hormone caused the for-
mation of retes of fenestrated capillaries from mature subchondral
vessels within 48 hours of surgery and injection of GH. Stem
cells were produced in the lumen of the fenestrated capillaries.
Massive ﬁelds of microtubules were observed originating at the
retes. The stem cells were observed to change as they crossed
the interface at the wall of the fenestrated capillaries. The cells
immediately entered the microtubules which were imbedded in the
matrix. The cells enclosed in the tubules had the appearance of
chondrocytes. The microtubules, cells and matrix went on to form
a new articular cartilage surface which had all the features of true
articular cartilage including arcades at the surface.
Conclusions: Massive ﬁelds of microtubules contributed to the
regeneration of articular cartilage in mature rabbits. The tubules
originated at newly formed fenestrated capillaries. The tubules
were thought to be conduits of nourishment brought to the chon-
drocytes and also conduits to carry metabolic products away
from the chondrocytes. The author theorized that development
followed the same cascade of fenestrated capillary/stem cell pro-
duction/signaling at the interface/chondrocyte formation/enclosing
in tubules/and formation of articular cartilage. The process of re-
generation of articular cartilage was thought to be a useful clinical
application of this basic science.
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Purpose: AMP-activated protein kinase (AMPK), a serine/threo-
nine protein kinase, is the critical component of a highly conserved
signaling pathway central to metabolic adaptation and determina-
tion of cell fate in response to variations in energy supply and
demand. Moreover, pharmacologic AMPK activation has emerged
as an experimental modality to markedly enhance skeletal muscle
endurance. AMPK exists as a heterotrimer composed of an alpha
catalytic subunit and two regulatory beta and gamma subunits.
AMPK is activated by phosphorylation of Thr-172 within the cat-
alytic domain of the α subunit. Here, we assessed expression,
activation, and function of AMPK in articular chondrocytes.
Methods: Femoral head cap cartilage explants from two months
old mice (C57B/L6), and primary mouse, bovine, and human
knee articular chondrocytes were studied. Expression of AMPK
in human knee articular chondrocytes was examined, and status
of activation of AMPKα in human normal and OA knee articu-
lar chondrocytes was assessed. Differentiation and pro-catabolic
responses of mouse cartilage explants and chondrocytes to pro-
inﬂammatory cytokines IL-1β and TNFα with and without 0.5-1 mM
AICAR (5-aminoimidazole-4-carboxamide 1-b-D-ribofuranoside), a
widely used AMPK activator, were compared. AMPKα knockdown
was achieved via transfection with AMPKα1/2 SiRNA. Last, the un-
folded protein response (UPR) activated by endoplasmic reticulum
(ER) stress, a major determinant of cell fate, was analyzed.
Results: Normal human knee articular chondrocytes express
AMPKα1 and α2, β1 and γ1 subunits. AMPKα activity appeared
to be low in human OA compared with normal knee articular
chondrocytes, as evidenced by de-phosphorylation of AMPKα in
OA chondrocytes. Treatment of articular chondrocytes with IL-1β
and TNFα also led to suppression of AMPKα activity, as assessed
by AMPKα de-phosphorylation. Conversely, AICAR attenuated re-
lease of GAG and nitric oxide (NO), and MMP-3 and MMP-13
expression in response to both IL-1β and TNFα in mouse carti-
lage explants and articular chondrocytes. In addition, the capacity
of IL-1β and TNFα to inhibit PG synthesis (P<0.01) by articu-
lar chondrocytes was blunted by AICAR. Furthermore, induction
of the chondrocyte hypertrophy marker type X collagen by IL-8
and TNFα was prevented by AICAR in articular chondrocytes.
Importantly, knockdown AMPKα in chondrocytes induced greater
MMP-13 release into conditioned media, and elevated NO gen-
eration by 22% and 80% in response to IL-1β and TNFα, re-
spectively (P<0.01). Last, induction of ER stress (as evidenced
by GRP78 and CHOP expression) in response to tunicamycin
